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•· Red.mesa (last edited by: McJones on: March 22, 1979 5:46 PM) 

DIRECTORY 
lmageDefs: FROM "lmageDefs" USING [Makelmage, StopMesa), 
IODefs: FROM "IODefs" USING [GetlnputStream, ReadLine, SetlnputStream, TAB, WriteChar, WriteString, WriteLine], 
SegmentDefs: FROM "SegmentDefs" USING [FileNameError], 
StreamDefs: FROM "StreamDefs" USING [NewByteStream, Read, StreamError, StreamHandle], 
StringDefs: FROM !'StringDefs" USING [AppenclChar, AppendString, EquivalentString], 
SystemDefs: FROM "SystemDefs" USING [AllocateHeapNode, AllocateHeapString]; 

Red: PROGRAM IMPORTS lmageDefs, IODefs, SegmentDefs, StreamDefs, StringDefs, SystemDefs = 
BEGIN 

EKind: TYPE = {atom, seq, ap}; 

ERep: TYPE = RECORD [ 
SELECT eKind: EKind FROM 

atom => [ 
link: Atom, 
pname: STRING, 
binding: SELECT bKind: • FROM 

unbound =) NULL, 

seq => [ 

primRegular = > [primitive: Regular), 
primMeta = > [primitive: Meta], 
defined = > [definition: E], 
ENDCASE], 

SELECT sKind: • FROM 
nil => NULL, 
nonNil = > [first: E, rest: Seq], 
ENDCASE], 

ap = > [rat or: E, rand: E], 
ENDCASE]; 

Atom: TYPE = POINTER TO atom ERep; 
Nil: TYPE = POINTER TO nil seq ERep; 
NNSeq: TYPE = POINTER TO nonNil seq ERep; 
Seq: TYPE = POINTER TO seq ERep; 
Ap: TYPE = POINTER TO ap ERep; 
E: TYPE = POINTER TO ERep; 

Regular: TYPE = PROCEDURE [operand: E] RETURNS [E]; 
Meta: TYPE = PROCEDURE [parameters: Seq, operand: E] RETURNS [E]; 

atomlist: Atom +- LOOPHOLE[NIL]; 

true: Atom = MkAtom["true"]; 
false: Atom = MkAtom["false"]; 

nilRep: nil seq ERep +- ERep[seq[nil[]]]; 

nil: Nil = @nilRep; 

MkAtom: PROCEDURE [pname: STRING] RETURNS [a: Atom] = 
BEGIN 
FOR a +- atomlist, a.link WHILE a~= NIL DO 

IF StringDefs.EquivalentString[pname, a.pname] THEN EXIT; 
REPEAT FINISHED => 

BEGIN 

- p 

a +- ,lOOPHOl,s[SysternDefs.AUocateHeapNode[SIZE[atom ERep]]); 
at +- ERcp[atom[atornbis SystemDefs.AllocateHeapString(pname.length], unbound[]]]; 
StringDef s. A ppendString [ a .pname, pname]; 
atomlist +- a p ,J l' 1 

END 
ENDLOOP 

END; 

MkSeq: PROCEDURE [first: E, rest: Seq] RETURNS [s: NNSeq] = 
BEGIN 
s +- LOOPHOLE[SystemDefs.AllocateHeapNode[SIZE[nonNil seq ERepl], NNSeq]; 
st +- E ep[seq[nonNil[first, rest]]] 
END; 

MkAp: PROCEDURE [rator: E, rand: E] RETURNS [a: Ap] = 
BEGIN 
a +- LOOPHOLE[SystemDcfs.AllocateHeapNode[SIZE[ap ERepl], Ap]; 
at +-

0

ERep(ap[rator, rand]] 
END; 

------
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SeqFromPair: PROCEDURE [e1, e2: E] RETURNS [NNSeq] == BEGIN RETURN[MkSeq[e1, MkSeq[e2, nil]]] END; 

TVFromBool: PROCEDURE [b: BOOLEAN] RETURNS [Atom] = BEGIN RETURN(IF b THEN true ELSE false] END; 

BoolFromE: PROCEDURE [expression: E] RETURNS [BOOLEAN] = 
BEGIN 
RETURN[SELECT AtomFromE[expression I Error == > ERROR Error["non truth value"]] FROM 

true == > TRUE, 
false = > FALSE, 
ENDCASE == > ERROR Error["non truth value"]] 

END; 

UnitFromSeq: PROCEDURE [sequence: Seq] RETURNS [E] = 
BEGIN 
nns: NNSeq = NNSeqFromSeq[sequence]; 
IF nns.rest = nil THEN RETURN[nns.first] ELSE ERROR Error["too long"] 
END; 

PairFromSeq: PROCEDURE [sequence: Seq] RETURNS [E, E] = 
BEGIN 
nns: NNSeq = NNSeqFromSeq[sequence]; 
RETURN[ nns. first, Un itF romSeq [ nns.rest]] 
END; 

TripleFromSeq: PROCEDURE [sequence: Seq] RETURNS [E, E, E) = 
BEGIN 
nns: NNSeq = NNSeqFromSeq[sequence]; 
e2, e3: E; [e2, e3] .- PairFromSeq[nns.rest]; 
RETURN[nns.first, e2, e3] 
END; 

AtomFromE: PROCEDURE [expression: E] RETURNS [Atom] = 
BEGIN 
RETURN[WITH e: expression SELECT FROM 

atom => @e, 
ENDCASE = > ERROR Error[" non atom")) 

END; 

SeqFromE: PROCEDURE [expression: E] RETURNS (Seq] = 
BEGIN • 
RETURN[WITH e: expression SELECT FROM 

seq => @e, 
ENDCASE = > ERROR Error["non seq"]] 

END; 

NNSeqFromSeq: PROCEDURE [sequence: Seq] RETURNS [NNSeq] = 
BEGIN 
RETURN[WITH s: sequence SELECT FROM 

nil i' > ERROR Error["too short"], 
non~il => @s, 
ENDCI ASE = > ERROR) 

END; 

NNSeqFrom : PROCEDURE [expression: E] RETURNS (NNSeq] = 
BEGIN 
RETURN[ NSeqFromSeq[SeqFromE[expression]l] 
END; 

PairFromE: ROCEDURE [expression: E) RETURNS [e1, e2: E) = 
BEGIN 
[e1, e2) .. PairFromSeq(SeqFromE[expression]]; 
RETUF1N[r 1, e2) 
END; I 

MapSeq: PRrEDURE [sequence: Seq, f: PROCEDURE [E] RETURNS [E)] RETURNS [result: Seq) = 
BEGIN 
old, new[. NNSeq; 
WITH s: tquence SELECT FROM 

nil r > result .. sequence; 
non ii = > 

BEGIN 
old .. @s; 
new .. result .. MkSeq[f[old.first], nil]; 
DO 

WITH r: old.rest SELECT FROM 

'------------~----
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END; 
ENDCASE 

END; 

nil => EXIT; 
nonNil = > old +- @r; 
ENDCASE; 

new +- new.rest +- MkSeq[f[old.first], nil] 
ENDLOOP 

Eval: PROCEDURE [expression: E] RETURNS [E] = 
BEGIN 
RETURN[WITH e: expression SELECT FROM 

atom = > expression, 

END; 

seq = > MapSeq[@e, Eval I Unwind =) ERROR Unwind[TRUE]], 
ap = > Apply[Eval[e.rator]. Eval[e.rand]l, 
ENDCASE =) ERROR] 

Apply: PROCEDURE (operator: E, operand: E] RETURNS [E] = 
BEGIN 
metaRator, metaRand: E; 
BEGIN ENABLE 

BEGIN 
Error = > BEGIN PrintError[descriptor, MkAp(operator, operand]]; GO TO StartUnwind END; 
Unwind = > BEGIN PrintConlext[subexpression, MkAp[operator, operand]]; ERROR Unwind[FALSE] END 
END; 

WITH rator: operator SELECT FROM 
atom => 

WITH atomRator: rater SELECT FROM 

seq => 

unbound = > ERROR Error[" unbound atom"]; 
primRegular = > RETURN[atomRator.prirnitive(operand]]; 
primMeta => 

BEGIN 
[metaRator, metaRand] +- PairFromE[operand]; 
RETURN[atomRator.primitive(NNSeqFromE[metaRator], metaRand]] 
END· 

defined ~ > RETURN(Apply[atomRator.definition, operand]]; 
ENDCASE; 

WITH seqRator: rater SELECT FROM 
nil => ERROR Error["nil seq operator"]; 
nonNil => 

WITH srf: seqRator.first SELECT FROM 
atom => 

ENDCASE; 

WITH srf SELECT FROM 

seq => 

unbound = > ERROR Error["unbound atom"]; 
primRegular = > RETURN[primitive[SeqFromPair[@seqRator, operand]]]; 
primMeta = > RETUl~N(primitive[seqRator.rest, operand]]; 
defined = > RETURN(Apply[MkSeq[definition, seqRator.rest], operand]]; 
ENDCASE; 

RETURN(Apply[@srf, SeqFromPair[@seqRator, operandlll; 
ENDCASE =) ERROR; 

ENDCASE =) ERROR 
EXITS StartUnwind =) ERROR Unwind[FALSE] 
END· 

-RE-'FlJRN[ERROR]-..,...lo make the compiler happy 
END; 

Error: ERROR [descriptor: STRING] = CODE; 

Unwind: ERROR (subexpression: BOOLEAN] = CODE; 

And: Regular = 
BEGIN e1, e2: E; [e1, e2] +- PairFromE[operand]; 
RETUllN[TVFromBool[BoolFromE[e1] /\ND BoolFromE(e2]]) 
END; 

RApply: Regular = 
BEGIN rator, rand: E; [rator, rand] +- PairFromE(operand]; 
RE rURN[Apply[rator, rand]] 
END; 
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RA tom: Regular = 
BEGIN 
RETURN[TVFromBool[operand.eKind = atom)) 
END; 

Define: Regular = 
BEGIN 
name, value: E; 
n: Atom; 
[name, value] +- PairFromE[operand]; 
n +- AtomFromE[name I Error = > ERROR Error["non atom first")); 
WITH v: value SELECT FROM 

atom => 
WITH v SELECT FROM •• in lieu of entire variant as Rig/JtSlde: 

unbound = > n.binding +- unbound[]; 
primRegular = > n.binding +- primRegular[primitive]; 
primMeta = > n.binding +- primMeta[primitive]; 
defined = > n.binding +- defined[definition]; 
ENDCASE; 

seq = > n.binding +- defined[@v]; 
ENDCASE =) ERROR; 

RETURN[operand] 
END; 

Dist!: Regular = 
BEGIN first, second: E; 
Pairl: PROCEDURE [e: E] RETURNS [El = BEGIN RETURN[SeqFromPair[first, el) END; 
[first, second] +- PairFromE[operand]; 
RETURN[MapSeq(SeqFromE[second], PairL)) 
END; 

Dist r: Regular = 
BEGIN first, second: E; 
Pai rR: PROCEDURE [e: E] RETURNS [El = BEGIN RETURN[SeqFromPair[e, second]) END; 
[first, second] +- PairFromE[operand]; 
RETURN[MapSeq[SeqFromE[first], PairR]l 
END; 

Eq: Regular = 
BEGIN 
EqPair: PROCEDURE [expression1, expression2: E] RETURNS [BOOLEAN] = 

BEGIN 
seq1, seq2: Seq; 
WITH e1: expression1 SELECT FROM 

atom => 
WITH e2: expression2 SELECT FROM 

atom = > RETURN[@e1 = @e2]; 
seq = > RETURN[FALSE]; 
ENDCASE =) ERROR; 

seq => 
WITH e2: expression2 SELECT FROM 

atom = > RETURN[FALSE]; 
seq => 

BEGIN 
seq1 +- @e1; seq2 +- @e2; 
DO 

WITH s1: seq 1 SELECT FROM 
nil => 

WITH s2: seq2 SELECT FROM 
nil =) RETURN[TRUE]; 
nonNil = > RETURN[FALSE]; 
ENDC/\SE; 

nonNil = > 
WITH s2: seq2 SELECT FROM 

nil =) RETURN[F/\LSE]; 
nonNil => 

BEGIN 
IF ~EqPair[s1 .first, s2.first] THEN RETURN[FALSE]; 
seq1 +- s1.rest; seq2 +- s2.rest 
END; 

ENDC/\SE; 
ENDCASE 

ENDLOOP 
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END; 
ENDCASE =) ERROR; 

ENDCASE =) ERROR 
END· 

e1, e2: E; [e1, e2] +- PairFromE(operand]; 
RETURN[TVFromBool[EqPair[e1, e2ll] 
END; 

I: Regular = 
BEGIN 
RETURN(operand] 
END; 

Join!: Regular = 
BEGIN 

'r ,) -

first, second: E; [first, second] +- PairFromE[operand]; 
RETURN[MkSeq[first, SeqFromE[second I Error = > ERROR Error[" non seq second"]]]] 
END; 

Nol: Regular = 
BEGIN 
RETURN[TVFromBool(NOT BoolFromE(operandll] 
END; 

Null: Regular = 
BEGIN 
RETURN[TVFromBool[operand = nil]] 
END; 

One: Regular = 
BEGIN 
RETURN[NNSeqFromE[operand].first] 
END; 

Or: Regular = 
BEGIN e1, e2: E; [e1, e2] +- PairFromE(operand]; 
RETURN[TVFromBool[BoolFromE[e1] OR BoolFromE[e2)]] 
END; 

Print: Regular = 
BEGIN 
PrintE[operand]; IODefs.Writeline[" "); 
RETURN[operand] 
END; 

Quit: Regular = 
BEGIN 
lmageDefs.StopMesa[]; 
RETURN[ERROR] -- lo make the compiler happy 
END; 

Read: Regular = 
BEGIN 
a: Atom = AtomFromE(operand]; 
strmOld: StreamDefs.StreamHandle = IODefs.GetlnputStream[]; 
strmNew: StreamDefs.StreamHandle = StreamDefs.NewByteStream[name: a.pname, access: StrearnDefs.Read I 

SegmentDcfs.FileNameError = > EHHOR Error["nonexistent file to read"]]; 
CleanUp: PROCEDURE = BEGIN IODefs.SetlnputStream[strmOld]; strmNew.destroy[strmNew] END; 
e: E; 

BEGIN ENIIBLE UNWIND = > Cleanup(]; 
IODefs.SetlnputStream[strmNew]; 
e .. ReadE[ I 

SyntaxError = > ERROR Error["syntax error in file to read"]; ,,. 
;streamDefs.StreamError = > IF error= StreamEnd THEN ERROR Error["syntax error in file to read"]]; 

Cleanup(] 
END; 

RETURN[Eval[e]] 
END; 

Save: Regular = 
BEGIN 
lmagcDcfs.Makelmage[AtomFromE[operand).pname]: 
RETUl~N[operand] 
END; 
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Sepl: Regular = 
BEGIN nns: NNSeq = NNSeqFromE[operand]; 
RETURN[SeqFromPair[nns.first, nns.rest]] 
END; 

Tail: Regular = 
BEGIN 
RETURN[NNSeqFromE[operand].rest] 
END; 

Aa: Meta = 
BEGIN 
f: E = UnitFromSeq[parameters I Error = > Error["wrong number of parameters"]]; 
ApplyToElt: PROCEDURE [e: E] RETURNS [E] = BEGIN RETURN[Apply[f, e I Unwind =) ERROR Unwind[TRUE]l] END; 
RETURN[MapSeq [SeqFromE[ operand], Apply ToElt]] 
END; 

C: Meta = 
BEGIN 
RETURN[UnitFromSeq[parameters I Error = > Error["wrong number of parameters"]]] 
END; 

Cn: Meta = 
BEGIN 
p, f, g: E; [p, f, g] +- TripleFromSeq[parameters I Error = > Error["wrong number of parameters"]]; 
RETURN[Apply[IF BoolFromE[Apply[p, operand I Unwind =) ERROR Unwind[TRUE]]) THEN f ELSE g, operand]] 
END; 

Comp: Meta = 
BEGIN 
RETURN[WITH parameters SELECT FROM 

nil = > operand, 

END; 

nonNil = > Apply[first, Comp[rest, operand) I Unwind = > ERROR Unwind[TRUE)), 
ENDCASE =) ERROR] 

Insert: Meta = 
BEGIN 
f: E = UnitFromSeq[parameters]; 
nns: NNSeq +- NNSeqFromE[operand]; 
result: E +- nns.first; 
DO ENABLE Unwind =) ERROR Unwind[TRUE]; 

WITH tail: nns.rest SELECT FROM 
nil = > RETURN[result]; 
nonNil = > BEGIN result +- Apply[!, SeqFromPair[result, tail.first]]; nns +- @tail END; 
ENDCASE 

ENDLOOP 
END; 

Nf: Meta = 
BEGIN 
ApplyEltTo: PROCEDURE [f: E) RETURNS [E) = 

BEGIN RETURN[Apply[f, operand I Unwind = > ERROR Unwind[TRUElll END; 
RETURN[MapSeq (parameters, ApplyEltT o)) 
END; 

While: Meta = 
BEGIN 
result: E +- operand; 
p, f: E; (p, f) +- PairFromSeq[parameters I Error = > ERROR Error["wrong number of parameters"]); 
BEGIN ENABLE Unwind =) ERROi, Unwind[TRUE); 
WHILE BoolFromE[Apply[p, result]] DO result .. Apply[!, result] ENDLOOP; 
RETURN[result] 
END 
END; 

TKind: TYPE = {atom, beginSeq, delimSeq, endSeq, beginAp, delimAp, endAp}; 
Token: TYPE = FlECORD [SELECT kind: TKind FROM 

atom = > [body: Atom], 
beginSeq, delimSeq, endSeq, 
beginAp, delimAp, endAp :: ) NULL, 
ENDCASE); 

ReadTokenline: STl11NG = [200); 
ReadTokenlineEmpty: BOOLEAN .. TRUE; 
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ReadTokenlinelndex: CARDINAL; 
ReadTokenString: STRING = (40]; 
ReadTokenToken: Token; 
ReadTokenTokenPresent: BOOLEAN +- FALSE; 

ReadE: PROCEDURE RETURNS [expression: E] = 
BEGIN 
s: NNSeq; 
f, a: E; 
ReadToken: PROCEDURE RETURNS [t: Token] = 

BEGIN 
ch: CHARACTER; 
ReadChar: PROCEDURE RETURNS [ch: CHARACTER] = 

BEGIN 
WHILE ReadTokenlineEmpty OR ReadTokenlinelndex = ReadTokenline.length DO 

IODefs.Readline[ReadTokenline]; 
ReadTokenlinelndex +- 0; 
ReadTokenlineEmpty +- FALSE 
ENDI.OOP; 

ch +- ReadTokenline[ReadTokenlinelndex]; 
ReadTokenlinelndex +- ReadTokenlinelndex + 1; 
RETURN[ch] 
END; 

UnreadChar: PROCEDURE = 
BEGIN ReadTokenlinelndex +- ReadTokenlinelndex-1; RETURN END; 

-· Body of ReadToken 
IF ReadTokenTokenPresent THEN BEGIN ReadTokenTokenPresent .. FALSE; RETURN[ReadTokenToken] END; 
DO 

SELECT ch +- ReadChar(] FROM 
' , IODefs.T AB = > NULL; 
'< =) BEGIN t +- Token[beginSeq(]]; EXIT END; 
', => BEGIN t +- Token[delimSeq(]]; EXIT END; 
') = > BEGIN t +- Token[endSeq(]]; EXIT END; 
'( = > BEGIN t .. Token[beginAp(]]; EXIT END; 
': = > BEGIN t .. Token[delimAp(]]; EXIT END; 
') = > BEGIN t +- Token[endAp(]]; EXIT END; 
ENDCASE => 

BEGIN 
ReadTokenString.length +- 1; ReadTokenString(0] +- ch; 
DO 

SELECT ch .. ReadChar(] FROM 
' , IODefs.TAB, '<, '., '), '(, ':, ') => EXIT; 
ENDCASE = > StringDefs.AppendChar[ReadTokenString, ch] 

ENDLOOP; 
Unread Char; 
t +- Token[atom[MkAtom[ReadTokenString]]]; 
EXIT 
END 

ENDLOOP; 
ReadTokenToken +- t; 
RETURN[!] 
END; 

UnreadToken: PROCEDURE = 
BEGIN IF ReadTokenTokenPresent THEN ERROR; ReadTokenTokenPresent +- TRUE; RETURN END; 

t: Token +- ReadToken[]; 

-- Body of ReadE 
WITH I SELECT FROM 

atom = > expression +- body; 
beginSeq => 

BEGIN 
IF ReadToken[].kind = endSeq THEN RETURN[nil] ELSE UnreadToken(]; 
expression +- s +- MkSeq[ReadE[], nil]; 
DO 

END; 

SELECT ReadToken[].kind FROM 
delimSeq = > s +- s.rest +- MkSeq(ReadE[], nil]; 
endSeq = > EXIT; 
ENDCASE = > ERROR SyntaxError 

ENDLOOP 

beginAp => 
BEGIN 
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f +- ReadE[]; 
IF ReadToken[l.kind~ =delimAp THEN ERROR SyntaxError; 
a +- ReadE[l; 
IF ReadToken[l.kind~ = endAp THEN ERROR SyntaxError; 
expression +- MkAp[f, a] 
END; 

ENDCASE = > ERROR SyntaxError; 
RETURN[expression] 
END; 

SyntaxError: ERROR = CODE; 

PrintE: PROCEDURE [expression: E] = 
BEGIN OPEN IODefs; 
firstTime: BOOLEAN ... TRUE; 
WITH e: expression SELECT FROM 

atom = > WriteString[e.pname]; 
seq => 

END; 

BEGIN 
WriteChar['<]; 
DO 

WITH e SELECT FROM 
nil :) EXIT; 
nonNil => 

BEGIN 
IF ~firstTime THEN WriteChar[' ,] ELSE firstTime ... FALSE; 
PrintE[first]; 
expression +- rest; 
END; 

ENDCASE 
ENDLOOP; 

WriteChar['>] 
END; 

ap => 
BEGIN WriteChar['(]; PrintE[e.rator]; WriteChar[':]; PrintE[e.rand]; WriteChar[')) END; 

ENDCASE; 

PrintError: PROCEDURE[descriptor: STRING, expression: E] = 
BEGIN 
IODcfs.Writeline[descriptor]; PrintE[expression] 
END; 

PrintContext: PROCEDURE[subexpression: BOOLEAN, expression: E] = 
BEGIN 
PrintError[IF subexpression THEN " in" ELSE " = ", expression] 
END; 

Exec: PROCEDURE= 
BEGIN 
expr: E; 
IODefs.Writeline[" Alto Mesa Red of March 20, 1979 11 :20 AM"]; 
DO 

BEGIN 
PrintE[Eval[expr +- ReadE[ I SyntaxError = > GO TO SyntaxError] 

Unwind => 
BEGIN 
IF subexpression THEN PrintContext[TRUE, expr); 
IODefs.Writeline[". "]; 
CONTINUE 
END)] 

EXITS 
SyntaxError = > IODefs.Writeline("Malformed expression"]; 

END· 
10D~fs.Writeline[" "] 
ENDLOOP 

END; 

-- Initialization 
MkAtom[" and"].binding 
MkAtom["apply"].binding 
MkAtom[" atom"].binding 
MkAtom["define"].binding 
MkAtom[" distl "] .binding 

+- primRegular[And]; 
+- primRegular[RApply]; 
+- primRegular[RAtom]; 
+- primRegular[Define]; 
+- primRegular(Distl]; 
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MkAtom["distr"].binding .- primRegular[Distr]; 
MkAtom["eq"].binding .- primRegular[Eq]; 
MkA.lem["i"].biAdiR§1----..r_;PJ.im8egufar[l];-
MkAtom["joinl"].binding .- primRegular[Joinl]; 
MkAtom["not"].binding .- primRegular[Not]; 
MkAtom["null"].binding .- primRegular[Null]; 
MkAtom[" 1 ").binding .- primRegular[One]; 
MkAtom["or"].binding .- primRegular[Or]; 
MkAtom["print"].binding .- primRegular[Print]; 
MkAtom["quit"].binding .- primRegular[Quit]; 
MkAtom["read").binding .- primRegular[Read]; 
MkAtom["save"].binding .- primRegular[Save]; 
MkAtom["sepl"].binding .- primRegular[Sept]; 
MkAtom["tail"].binding .- primRegular[Tail]; 

MkAtom["aa"].binding .- primMeta[Aa]; 
MkAtom["c"].binding .- primMeta[C]; 
MkAtom["cn"].binding .- primMeta[Cn]; 
MkAtom["comp"].binding .- primMeta[Comp); 
MkAtom["insert"].binding .- primMeta[lnsert]; 
MkAtom["nf"].binding .- primMeta[Nf]; 
MkAtom["while"].binding .- primMeta[While]; 

Exec[] 

END. 
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-- Ree'.rr.e:oc. ist edited by: McJones on: 28-Oct-80 14:24:38) 

0!RECTO"1Y 
!ma,:_:e;:)efs usING [Makelmage, StopMesa], 
IOGefs USING [ 

GetinpvtStream. Readline, SetlnputStream, TAB, WnteChar, WriteString, 
\. iri te.~ _ _; :;e}, 

~eg'";;entDe7s USING [Fi!eNar:ieError}, 
S:,eamDefs usIns [NewByteStream, Re2d, StreamError, StreamHandle], 
s~~i, gDefs usING [AppendChar, AppencString, EquivaientString], 
SystemDefs usING [AllocateHeapNode, AllocateHeapStrir.g]; 

R,;,d: PROCRAM 
n.1Pn;ns !m::.£e0efs, IODefs, SegrnentDefs, StreamDefs, StringDefs, SystemDefs = 
8EG!N 

EKind: TYPE = {ctO'TI, seq, ap}; 
ERep: TYPE = RECORD [ 

SE~ECT eKind: EKind FROM 
atom => ( 

link: lo.tom, 
pname: STRING, 
binaing: 

SELECT bK;nd: " FROIJ. 

unbound = > NULL, 
p,imRegu!ar = > [primitive: Regular], 
primMeta = > [primitive: Meta], 
defined = > [definition: E], 
ENDCASE), 

seq cc-) [ 

SELECT sK:nd: * F?OM 
nil =) NULL, 
non Nil = > ffirs,: E, rest: Seq], 
ENDCASE]·, 

ap = > [rator: E, rand: E], 
E:NDCASE]; 

Atom· TYPE = ?O!NTER TO atom ERep; 
~~i.: ·,YPE = POINTER TO nil seq 
ERep: ~ • • [ 

\~: T'li'E. '"' Rl2c..Ct<.P t~NSeq: TYPE = POINTER TO nor.Nil seq . 
E~ep; +1<)+1 ~~·. EJ · 
Seq: TYPE = POlrJTER TO seq ERep; " _ /. ) [ 
Ap: TYPE == POINTER TO ap ERep; 7,"'f':!-; IYPI£ ==-f<!:=LCt'CJ 
E: TYPE = POINTER TO 'ERep; f:.-d .<J€ c. J (L,,,.'/. ~ 1-
Regufar: TYPE = ?ROC [o~erand: Ej RETURNS [E]; J ('"'l , ' ::.JJ 
Meta: TYPE = PROC [parameters: Seq, operand: Ej RETURNS [E]; 
,;tomLst: Atom"" LOO?HOLE[N1L]; 
true: A1orn = MkAtom["true"]; 
fals6: Amm =- MkAtom[''false"]; 
nilRcp: ni! s-sq ERep <- ERep[seq[nil[]l]; 
nil: Nil = @nilRep; 

Mkt-.~c;m: PROC [prame: STRING] RETURNS [a: Atom] = 
6E3.'.N 
FOR a ~ 8.t0i:iL!st, a.fink \"/~!~= a ~ = NIL DO 

!F StringDefs.EquivalentString[pname, a.pname] T~EN EX!T 
REPE-,T 

FINIS!-;EO "") 

BEGIN 

~ed.mes3.. 28-0ct-80 15:45:50 
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a ... LOOPHOLE[SystemDeLA!loca~eLiea;)Nodets!zE[atom E9-sp]l]; 
at <- ERep[ 

e.torr:[ 
atomList, SystemDefs.AilocateHeapString[pname.length], unboundO]]; 

StringDefs.P.ppendStr:ng[a.pname, pname]; 
atomlist ,_ a; 
E:,cl; 

ENDLOOP; 
EtJD; 

. MkSeq: PROC [first: E. rest: SE:q] RETURNS [s: NNSeq] = ,NLINE 
BEGIN _ 
s <- LOOPHOLE[SystemDets.AliocateHeapNode[s:zE[nonNil seq ERep]J]; 
st <- ERep[seq[nonNil[first, rest]]]; 
END; 

MkAp: FROC [rater: E, r.e.nd: E] RETUr<NS {-a: AP.1 -= 
BEGiN /f 
a <- OOPHOLE(SystemDefs.AllocateHeapNode[s12E[ap ERep]]]; 
at <- Rep[ap[rator, ranu]]; 
END; -;, • 

'""'. r~ 
SeqFrcrnPair: PROC ~1, e2: Ej RETURNS [NNSeq] INLINE { 

RETURN[MkSeq[6 MkSeq[~ nil]]]}; " 
~ ~ h -t<sl "'-j) ....... S,e(,h..o(_ 

TVFromBool: PROC [b: BOOLEANJ RETURNS [Atom] = INLINE { 
RCTURN[IF b THEN true ELSE false]}; 

Boo!From'E: PROC [expression: E] RETURNS [BOOLEAN] = INUNE 
BEGlrl 
RETURNf 

SEl.ECT AtomFromE[expression ! Error = > ERROR Error["ncn truth value"]] FROM 
true = > TRUE, 
false = > FALSE, 
ENDCASE = > ERROR Error["non truth va!ue"]] 

END; 

UnitFromSeq: PROC [sequence: Seq] RETL!RNS [E] = INLINE 
BcGIN 
n,1s: NNSeq = NNSeqFromSeq[sequence]; 
RETURN[IF nns.rest ni! THEN nns.first ELSE ERROR Error["too long"]] 
END; 

PairFromSeq: PROC [sequence: Seq] RETURNS[~] 
BEGIN , 
nns: NNSeq = NNSeqFromSeq[sequenceJ; 

INLINE 

RETURN[.;:ms.first, Ur,itFromSeq[nns.rest]J -,:;;-:&: 
cND; -'t L ]j v~;JY-.,.,e,, 

TripleFromSeq: PROC [sequence: Seq] RETURN~-~' = INLINE 
BEGIN - ?· f h ·1 .. 
nns: NNSeq = NNSeqFromS~lsequence]; i "'1 ,.,_ 

f e2, e3· E~ -~ L ti+4 .Ya'i(if y. f~,l J 
[e2, e3] PairFrornSeq[nns.rest]; 

· ~sJ.irs.tr e!:!, e3] 

AtomFromE: PROC [expression: E] RETURNS [Atom] = INUNE 
3EGlN 
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RETURN[ 
WITH e: expression SELECT FROM 

atom => @e, 
, ENoc,;sE = > ERROR Error["non atom"]] 

E' 1D: 

SeqFromE: PROC [expression: E] RETURNS [Seq] = INLINE 
BEGIN 
RETURN[ 
·WITH e: expression SELECT FROM seq => @e, ENOCASE => ERROR Error["nonseq"]] 

END; 

NNSeqFromS,3q: PROC [sequence: Seq] RETURNS [NNSeq] = INLINE 
BEGIN 
R:cTURN[ 

WITH s: sequence SELECT FROM 
nil = > ERROR Error["too short"], 
nonNil = > @s, 
ENQC,;3E • =) ERROR] 

E •o; 

NNSeqF romE: PROC [expression: E] RETURNS [NNSeq] = INLiNE { 
RETURN[NNSeq!"'romSeq[SeqFromE[expression]]]}; 

P~-1 
PairFromE: PROC ~expression: E] RETURNS ~:-Ej = INL!NE { 
4J1, e!t=- ['.'airFromSeq[SeqFromE[expressiorl]J; RETURNfenal}; 

----...._ - ~ 
MapSeq: PROC [o;equence: Seq, f: PROC f.E] RETURNS [El] RE,URNS [result: Ssq] = 

8EGl!": 
od, r.e·N: NNSeq; 
wm; s: sequense SELECT FROfA 

nil = > result +- sequence; 
nor.Nil => 

BEGIN 
o!d +- @s; 
new +- result +- MkSeq[f[old.first], nil]; 
DO 

WITH r: o!d.rest SELECT FROM nil = > EXIT; nonNil = > old +- @r, ENDCASE; 
new +- new.rest +- MkSeq[f[old.first], nil]; - • 
ENDL0OP; 

END; 
ENDCASE; 

END; 

Eva!: PR0C [expression: E] RETURNS [E] = 
EsEGiN 
RETUP.N[ 

WITH e: expression SELECT FROM 
atom = > expression, 
seq = > MapSeq[@e, Eva! ! Unwind = > ERROR Unwind[TRUE]], 
ap = > Apply[Eva!(e.rator], Eval[e.rand]], 
ENDCASE = > :::RROR l 

END; 

Apply: PROC (operator: E, o;:ierand: E] RETURNS [E] = 
3EGIN 
~ 

BEGIN 
ENABLE 

BEGIN 
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Error = > 
BEG!N 

28-Oct-80 15:45:50 

PrintError[descriptor, MkAp[operator, operand]]; 
GO TO StartUnwind 
END; 

Unwind => 
BEGIN 
PrintContext[subexpression, MkAp[operator, operand]]; 
ERROR Unwind[FALSE] 
END 

END; 
WITH rater: operator SELECT FROM 

atom = > 
WITH atomRator: rater SELECT FROM 

unbound = > ERROR Error["unbound atom"]; 
primRegular = > RETURN[atomRator.primitive[operand}]; 
primMeta = > ~"- ,-( ., "' 

BEGIN _ __.-
ctrrifila to aRand <- P • FromE[operand); 

RETURN[atomRator.primi~ive eqFromE[metaRajPr], r~aRanc]] 
END; < ...__;t'1,t,' I-: I 

defined = > RETURN[Apply[atomRator.definition, operanaJ]; V1-t 
ENDCASE; 

seq => 
WITH seqRator: rater SELECT FROM 

nil = > ERROR Error["nil seq operator"]; 
nonNil => 

WITH srf: seqRafor.first SELECT FR0!'vl 
atom => 

WIT rl srf SELicCT i'ROM 
unbound = > ERROR Error["unbound atom"]; 
primRegular = > [. 1 

RETUPN[primitive[SeqFromPair[@seqRator, operand]]]; 
primlv1eta = > RETURN[primitive[s~qRator.rest, operarfu]]; 
defined => 

RETURN[Apply[MkSeq [definition, seqRator.rest], operand]]; 
Et,DCASE; [ 

seq = > RETURN[Apply[@sri, SeqFromPair[@seqRator, operan 
ENDCASE =) ERROR; 

ENDCASE; 
ENDCASE =) ERROR; 

EXJTS StartUnwind = > ERROR Unwind [FALSE); 
Er,o; 
ERROR 
END; 

Error: ERROR [descriptor: STRING] = CODE; 
Unwind: ERROR ~expression: BOOLEANj = 

And: Regular = 
,.,. 

BEGIN - e1v--1 
e'r,e2: , 
'e1, e1] <- PairFromE[opern.r.d]; _ 
RETLIRN]:TVFromBool[BoolFromE@:1] AND BoolFromE@ll 

RApply: Regular = 

!:ND; ( " I 
~.tr,.sf ~.stan,t'l 
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¼:'__./tt,-t_..., = 

~~--"---
rator, rand] +- PairFrom_E[operand]; 

Rt:1 ". p¼fr@, ~d],,.._~----
END; L /. L /__;,a,-._. ~ c/ 
, pev---,,, r")v1r 

RAtom: Regular = {RETURN[TVFromBool[operand.eKind = atom]]}; 

Define: Regular = 
BEGIN '.) 

~; ..,~ ft:1~-= /'. 
,.-s;.--..:n.:..:.:..:A_:;tom; f /JC! c..-1 / > 'r.d 

~Qlil!l,LIS:e~v.9.a!.-"lu~ Pai rF romE[ operand]; t 
n _AtomFrcmE~ame ! Error = > ERROR Error["non atom first"]]; 
W v: ~ SELECT FROM 

atom = > '-- p, .,...;:;_ . .(c: IA'A..&Y' 
WITH v_ SE~ECT FROM -- in lieu of entire variant as RightSide: / ff 
C. C -<[- . • ----... --tn f',;tAJ u, 
unbound = > n.binding +- unbound □; 
primRegular = > _n.binding +- primRegular[primitive]; 
primMeta = > n.binding +- primMeta[primitive]; 
defined = > n.binding +- defined[definition]; 
ENDCASE; 

seq = > n.binding +- defined[@v]; 
ENDCASE =) ERROR; 

RETUi',N [operand] 
END; 

i()Cvt.,-1 , 

Eq: R_egular = ? TP. 
8E8,N ~ "1.A..: 4 o:............_ 

EqPair: PROC [~ession1. expressi.on2:""E1 RETURNS [BOOLEAN] 
8!':GIN f--
seq1, seq2: Seq; ~. ~i-::s 
W!TH e1 :-expression, S::LECT FROM 

~om=> ( 
RETURN[ - p ~ · ~;I.!, "l. C/ 

WITH e2: (fil_(pression2-j@LECT FROM 
atom = > @e1 = @e2, 
seq = > FALSE, 

ENDCASE =) ERROR]; 
seq => ~ 

WITH e2:@@_ss~ SELECT FROM 
atom = > RETURN[rALSE]; 
seq => 

BEGIN 
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seq1 +- @e1; 
seq2 +- @e2; 
DO 

WITH s1: seq 1 SELECT FROM 
nil => 

RETURN[ . 
WITH s2: seq2 SELECT FROM nil = > TRUE. ENDCASE = > FALSE]; 

nonNil => 
WITH s2: seq2 SELECT FROM 

nil = > RETLlRN[FALSc]; 
nonNil = > [_ ] 

BEGIN 
IF ~EqPair[s1 .first. s2.first] THEN RETURN[FALSE]; 
seq1 +- s1 .'rest; A 
seq2 +- s2.rest 
END; _ 

ENDCASE; 
ENDCAS!:; 

ENDLOOP; 
END; 

ENDCASE =) ERROR; 
ENDCASE = ) ERROR 

END; (/ 
-e1, e2. E; 

[.i1, e2l ' airFromE[opera11cl1.;_ 
RETURrJ[TVFromcfool[EqPairfe1, e2;J] 
ENn. '-----" 

~, ~ 

I: Regular = {RETURN[operand]}; 

Join!: Regular = _ ~ - _ 
BEGIN - ('Cl,Vl • CV', -

('11~ 
'4tirst second]_vPairFromE[operand]; 

RETURNr 

MkSeq[first, SeqFromE[second ! Error = > ERROR Error["non seq second"]]]] 
CND" " -r. • 
- • f %'\, pa.-v-., 

Not: Regular = {RETURN[TVFromBool[NOT BoolFromE[operand]]]}; 

Null: Regular = {RETURN[TVFromBool[operand = nil])}; 

One: Regular = {RETURN[NNSeqFromE[operand].first]}; 

Print: Regular = {PrintE[operand]; IODefs.Writeline[" "]; RETURN[operand]}; 

Quit: Re\1ular = {lmageDefs.StopMesa[]; ERROR}; 

Read: Regular = 
B~GIN 
z.: Atom = AtomFromE[operand]; 
strmOld: StreamDefs.StreamHa;idie = IODefs.GetlnputStream[]; 
strmNew: StreamDefs.StreamHandle = StreamDefs.NewByteStream[ 

name: a.pr.ame, access: StreamDefs.Read ! • 
SegrnentDefs.FileNameError = > EclROR Error["nonexistent file to read"]]; 

Clean p: PROC = {IODefs.Setlnpu!Stream[strmOld]; strmNew.destroy[strmNew]}; 
e: E; 
BEGiN 
ENABLE UNWIND = > CleanUp[J; 
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!ODefs.SetlnputStream[strmNew]; 
e +- ReadE[ 

! 
SyntaxError, StreamDefs.StreamError = > 

ERROR Error["syntax error in file to read"]); 
Clean Up[] 
END; 
RETURN[Eval[e)] 
END; 

Save: Regular = { 
lmageDefs.Makelmage(AtomFromE[operand].pname]; RETURN[operand]}; 

Sepl: Regular = 
BEGIN 
nns: NNSeq = NNSeqFromE[operand]; 
RETURN[SeqFromPair[nns.first, nns.rest]) 
END; A 

L J 
Tail: Regular = {RETURN[NNSeqFromE[operand].rest]}; 

Aa: Meta= 

BEGIN [ "]] f: E = UnitFromSeq[paramete,s ! Error = > Error "wrong number of parameters ; 
App!yToElt: PROC [e: E] RETURNS [E] = { 

RETURN[Apply[f, e ! Unwind = > ERROR Unwind[TRUE]]]}; 
RETURN[MapSeq [SeqFromE[ operand]' ApplyToElt]] 
END; 

C: • tv!eta = { 
RETUF>Nf 

UnitF-romSeq[parameters ! Error = > Error["wrong number of parameters"]]]}; 

Cn: Meta = • , J 
BEGIN - t:.,;..,,&_ T ,:..~ = 

(...l:}',"f, g: ; • -T ✓ 

\_[P, f, gJ .,_.,, ripleFromSeq[ 

7 

parar:;eters ! Error = > Error["wrong number of parameters"]]; 
RETURN[ ~rf,:1, ' t rfJ, <}J_Gntl 

!l.pply[ ./ " 
IF BoolFromE[Apply[p, operand ! Unwind -= > ERROR Unwind[TRUE]]] THENrf 
ELS~ operand]] '--' _ 

END; ( ry ~cA. 

Comp: Meta= 
BEG!N 
RETURN[ 

WITH parameters SELECT FROM 
nil = > operand, 
nonNil = > Apply[ 

first, Comp[rest, operand] ! Unwind = > ERROR Unwind[TRUE]l, 
ENDCASE =) ERROR] 

END; 

Insert: Meta = 
BEGIN 
f: ~ = UnitFromSeq[pararn.eters]; 
nns: NNSeq +- NNSeqFromE[operand]; 
result: E +- nns.first; 
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DO 
ENABLE Unwind = > ERROR Unwind[TRUE]; 
WITH tail: nns.rest SELECT FROM 

nil = > RETURN[result]; 
nonNil => 

BEGiN 
result +- Apply[f, SeqFromPair[result, tail.first]]; 
nns +- @tail; 
END; 

ENDCASE; 
ENDLOOP; 

END; 

Ni: Meta= 
~~ • . 
App!yEltTo: PROC [f: E] RETURNS [E] = { 

RETURN[Apply[f, operand ! Unwind = > ERROR Unwind[TRUE]]]}; 
RETURN[MapSeq [parameters, ApplyEltT O l] 
END; 

While: Meta = 

~~~t: E +- OP,erand; ,,{: f ~ ,'<J~ 

~p~;From:[ - - f. I- , 1 ( r / x) 
parameters ! Error = > ERROR Error["wrong number of parameters"]]; 

BEGIN 
ENABLE Unwind = > ERROR Unwind[TRUE]; ~ 
WHILE Boo!FrornE[Appiy[p, result]] DO result +- Applyfr, result] ENDLOOP; 
R!:TURN[result] I #f- / r _/ 
END 1 f--,, ~ f ' J' T_ J 
END; ~J 

1~ ~ 

TKind: TYPE = {atom, beginSeq, delimSeq, endSeq, beginAp, delimAp, endAp}; 
Token: TYPE = RECORD [ 

SELECT kind: TKind FROM 
atom = > [body: Atom], 
beginSeq, delimSeq, endSeq, beginAp, delimAp, endAp => NULL, 
ENDCASE], 

ReadTokenline: STRING = [200]; 
ReadTokenlineEmpty: 800'...EAN +- TRUE; 
ReadTokenlinelndex: CA!'!DINAL; 
ReadTokenString: STRING = [40]; 
ReadTokenToken: Token; 
ReadToken T Oken Present: BOOLEAN +- FALSE; 

ReadE: PROC RETURNS [exprnssion: E] = 
BEGIN 
s: NNSeq; 
f, a: E; 
ReadToken: PROC RETURNS [t: Token] = 

BEGIN 
ch: CHARACTER; 
ReadChar: PROC RETURNS [ch: CHARACTER] = 

BEGIN . 
WHILE ReadTokenlineEmpty OR ReadTokenlinelndex ReadTokenline.length DO 

IODefs.Readline[ReadTokenline]; 
ReadTokenlinelndex +- O; 
ReadTokenlineEmpty +- FALSE 
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ENDLOOP; 
ch ... ReadTokenline[ReadTokenLinelndexJ; 
ReadTokenLinelndex <- ReadTokenlinelndex + 1; 
RETURN[ch] 
END; 

UnreadChar: PROC = {ReadTokenlinelndex <- ReadTokenlinelndex - 1}; 
-- Body of ReadToken 
IF ReadT oken T okenPresent THEN 

BEGIN ReadTokenTokenPresent ... FALSE; RETURN[ReadTokenToken] END; 
·Do 

SELECT ch ... ReadChar[] FROM 
• ' , iODefs. TAB = > NULL; 
'( = > BEGIN t ... Toke;-i[beginSeq[]]; EXIT END; 
', => BEGIN t ... Token[delimSeq[]]; EXIT END; 
') =) BEGIN t ... Token[endSeq[]]; EXIT END; 
'( = > BEGIN t ... Token[beginAp[]]; EXIT END; 
': =) BEGIN t ... Token[delimAp[]]; EXIT END; 
') =) BEGIN t ... Token[endAp[]]; EXiT END; 
ENDCASE =). • 

BEGIN 
ReadTokenString.length <- 1; 
ReadTokenString[0] ... ch; 
DO 

SELECT ch ... ReadChar[] FROM 
', IODefs.TAB, '<, ',. '), '(, ':, ') => EXIT; 
ENDCASE = > StringDefs.AppendChar[ReadTokenString, ch] 

ENDLOCP; 

Unread Char; 
t <- Token[atom[MkAtcm[ReadT6kenString]]]; 
EXIT 
END 

ENDLOO?; 
ReadTokenToken ... t; 
RETURN[!] 
END; 

UnreadToken: PROC = { 
IF ReadTokenTokenPresent THEN ERROR; ReadTokenTokenPresent ... TRUE}; 

t: Token<- ReadToken[]; -- Body of ReadE 
WITH t SELECT FROU 

atom = > expression <- body; 
beginSeq => 

BEGIN 
IF ReadToken[].kind = endSeq THEN RETURN[nil] ELSE UnreadToken0; 
expression <- s <- MkSeq[ReadE[), nil]; 
DO 

SELECT ReadToken[].kir.ll FROM 
delimSeq = > s ... s.rest ... MkSeq[ReadE[], nil); 
endSeq = > EXIT; 
ENDC/,SE = > ERROR SyntaxError 

EN'.)LOOP 
END; 

beginAp => 
BEGIN 
f <- ReadE[l; 
IF ReadToken[].kind ~ = delimAp THEN ERROR SyntaxError; 
a +- ReadE[]; 
IF ReadToken[].kind ~ = endAp THEN ERROR SyntaxError; 
expression <- MkAp[f, a] 
END; 

E~!DCASE =) ERROR SyntaxError; 
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RETURN[expression] 
END; 

SyntaxError: ERROR = CODE; 

Pr;ntE: PROC [expression: E] = 
BEGIN OPEN IODefs; 
firstTime: BOOLEAN ... TRUE; 
WITH e: expression SELECT FROM 

atom = > WriteString[e.pname]; 
seq => 

BEGIN 
WriteChar[' <]; 
DO 

WITH e SELECT FROM 
nil =) EXIT; 
nonNil => 

6::GIN 
IF ~firstTime THEN WriteChar[' ,J ELSE firstTime ... FALSE; 
PrintE[first]; 
expression <- rest; 
END; 

ENDCASE 
ENDL0OP; 

WriteChar['>] 
END; 

ap => 
BEGIN 
WriteChar['(]; 
PrintE[e.rator]; 
WriteChar[':]; 
PrintE[e.rand]; 
WriteChar[')] 
END; 

ENDCASE; 
END; 

PrintError: PROC [descriptor: STRING, expression: E] = { 
IODefs.WriteLine[descriptor]; PrintE[expression]}; 

PrintContext: PROC [subexpression: BOOLEAN, expression: E] = { 
Pr!n!Error[1F subexpression THEN "in" ELSE " = ", expression]}; 

Exec: PROC = 
BEGIN 
expr: E; 
IODefs.WriteLine[" Alto Mesa Red of 28-Oct-80 14:24:38"]; 
DO 

BEGIN 
PrintE[ 

Eva![ 
• expr- <- ReadE[ ! SyntaxError = > GO TO SyntaxError] ! 

Unwind = > 
BEGIN 
IF subexpression THEN PrintContext[rnuE, expr]; 
IODefs.Writeline[". "]; 
CONTINUE 
END]]. 

EXiTS SyntaxErro_r = > IODefs.Writeline["Mal:ormed expression"]; 
END; 
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' ,!ODefs.Writeline[" "] 
ENDLOOP 

Ef..JD; 

-- Initialization 

MkAtom["and"}.binding +- primRegular[AndJ; 
MkAtom[" apply"].binding +- primRegular[RApp!yJ; 
MkAtom["atom"j.binding +- primRegular[RAtom]; 
MkAtom["define"].binding +- primRegular[Define]; 
MkAtom["disil"].binding +- primReguiar[Disil]; 
MkAtom["distr"].binding +- primRegular[Distr]; 
MkAtom["eq"] binding +- primRegular[Eq]; 
MkAtom["i"].binding +- primRegular[l]; 
MkAtom[·'joini"].binding +- primRegular[Joinl]; 
MkAtom["not"].binding <- primRegular[Not]; 
MkAtom["null"].binding. <- primRegular[Nu!i]; 
MkAtom["1 "].binding <- primRegular[One]; 
MkAtom[" print"] .binding <- primRegular[Prini]; 
MkAtorr.["qui,"].binding <- primRegular[Quit]; 
MkAtom["read"].binding +- primRegular[Read]; 
MkAtom["save"J.binding <- primRegular[Save]; 
MkAtorn["sepl"].binding <- primRegular[Sepl]; 
MkAtom["tail"].binding <- primRegular[Tailj; 
MkAtorn["aa"].binding +- primMeta[Aa]; 
MkAtom["c"].binding <- primMeta[C]; 
MkAtom["cn"J.binding <- primMeta[Cn]: 
MkAtom["comp"J.binding <- primMeta[Comp]; 
MkAtom["Insert"].binding <- primMeta[lnsert]; 
!vlkl\tom["nf''].binding <- primMeta[Nf}; 
MkAtom["while"].binding +- primMeta[WhileJ; 

Exec[]; 

EI\D. 
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